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(57) Abstract 



Inflatable and radially defbnnabfe tubular sleeve for the casing or obtuntion of s well (P) or i Dine The w»Il ih* «i~v-. m 
u provided with s series of breakable restraining rings (2) axJally offset ^mresnecTto each cSeTtid i tL^L J 1 

the oiber in the long itud insl direction of d^veWlied by » ^aT^sSoS ^ ?n£ £ uSf?B ?J£^£l£? 
progressively discharged, thereby avoiding the tarnation of pike* outside ^^T^^^tX^^^ * ** "* " 



(57) Abrtf* 



Maactoon tubukire foafUWc ef ndiakmeat difornubk pour 1c tubage ou I'otamxion d'an puia CP) oa d w oniiimifln. i. « m ; 
du maachon (I) est munic d 'une icne dc btguc« dc ccnwition frtngiblc* (2) dttaO^ sxakmem let una ptr aimcrt lux^trw « ^ 

O^A™ k lufiide (B) prfsent dins le puits est refold progrcssivtmcnt trfam U formation dc pochcsl I'cxt^heur du tub^^toSuttrie 



des 



UNIQUEMENT A TITRE ^INFORMATION 



AT 

AT 

AU 

BB 

BE 

BF 

BG 

BJ 

BK 

BY 

CA 

CF 

CC 

CH 

a 

CM 
CH 

cs 
cz 

DB 

DIC 



ES 
Ft 



GA 



Auirkfae 
Aiatntic 



Bclfiqae 
Biriuu 



Bfera 



Catfo 

C&ed*l«o*e 



AUeeugnt 



Ftshnde 
Gabon 



GB 
GE 
GN 



BU 

IE 

IT 

jr 

KG 
Kf 



KZ 
U 
UK 
LB 

LT 
LU 
LV 
MC 
MO 
MG 
ML 
MK 
MR 



KiBe 



tfcCorte 



Sri 
Ufadrf* 



Mai] 



MW 

MX 

NE 

HL 

NO 

NZ 

PL 

FT 

JtO 

*U 

8D 

8E 

SG 



8N 
SZ 
TD 
TC 
TJ 
TT 
UA 
UG 

us 
uz 

VN 



Mcxxjqc 
Njjtx 



Tdad 
Togo 



Vknkm 



Ouxbftkm 
Viet Nun 



WO 97/06346 



PCT7FR96/01226 



1 



MANCHON TUBULAIRE GONFLABLE POUR 
TUBER OU OBTURER UN PUITS OU UNE CANALISATION 

La prtsente invention conccrnc un manchon tubulaire gonfiable, et 
radialcmcnt deform able, servant au tubage ou a Tobturation d'un puiis ou d'une 
canalisation. 

Pour le tuhagc d'un puits de forage p&rolier, ainsi que pour des applica- 
5 tions similaires. il a d£ja 6t6 propose des prtformes tubulaires souples. durcissables in 
situ ; elles sont destinfes a 6tre raises en place a Pdtat radialemem replfc ou non expanse 

- tot dans lequel elles possfedent un encombrement radial faiWe - puis 6trc d^plife et/ou 
expanses radiaJement par application d'une pression inuSrieure, avant d'etre durcics in 
situ, notamment par polymerisation. 

10 Des preform es de ce type sont dccrites par excmple dans les documents 

WO-91/18180. WO-94/2I887 et WO-94/25655. 

Sous la designation "radialement d£formable" on d6signera des manchons 
pouvant ttrc radialement d£p!oy6s soit par simple dipliement (corame c'est le cas pour la 
prdforme decrite dans le WO-91/18180 notamment), soit qui peuvent etre simplement 

15 expanses radialement (sans depiiement), par accroissement de leur diamfctre sous Teffet 
d'une pression interne, soit qui peuvent €tre successivement d6p]\6s puis mis en 
expansion (comme c'est le cas pour la matrice et la pnfforme du document WO-94/25655 
notamment). 

L'invenuon a ete con^ue pour un manchon servant d 'outil a di later une 
20 pnfforme, cet outil dtant du m£me type g6n6ral que I'outil de dilatation de la prfforme 

- appete matrice - d*crit dans le WO-94/25655 deja cite ; cctte matrice est initialement 
solidaire de la prtforme, a I'interieur de iaquelle die est montee. Aprfcs gonflage de 
1 •ensemble matrice/prfforme. et solidification de la prtforme, la matrice est arrachee. 

Toutefois, Tinvention s'applique egalement a des manchons servant 
25 d'omils d'obtuntfion de la paroi d'un puits, pour empecher des fuites de Huide, cet outil 
etant d£sign6 couramment dans la profession sous le nom anglais de "packer". 

Dans un mode de realisation possible, le manchon tubulaire objet de 
rinvemion peut egalement consisterdans laprtforme dle-mferae. 

Lors de reparation de deformation radiale (par depliement et/ou expan- 
30 sion) d'un tel manchon a I'interieur d'un puits ou d'une canalisation, il y a un risque, si 
Texpansion de la pnfforme est non contrdtee, de formation de poches de liquide qui se 
trouve enfermees entre le manchon et la paroi du puits ou de la canalisation. En effet. 
dans les applications de forage p&rolier ou analogues, il est courant que le puits ou la 
canalisation soit remplie d'eau, de boue, ou d'un autre liquide. 
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On comprcnd ailment que ceci pose un probteme, car le manchon ou Ja 
preforme qui 1 'entourc ne peuvenl s'appiiquer cotrectement conire la paroi du puits ou dc 
la canalisation, el le tubage obtenu n'est pas parfaiiement cylindrique et n'est pas bien 



ancrc. 



Pourdes membranes gonflabies equipani des outils obturateurs ('packer'*) 
on a tent* de pallier cette difficulte en faisant varier la composition du materiau constiiutif 
de la membrane - ou manchon - (a base de caoutchouc synth&ique) d'une extremis a 
'•autre, de telle mariere que sa resistance a 1 'expansion radiale varie progressivement. 
Ainsi, lorsqu'on introduit dans I'outil un fluide sous prcssion. la membrane se dilate 
progressivement d'une extrtmite it I'autre de I'outil. ce qui pennetde chasser rfguliere- 
ment le liquide emprisonn* entre la membrane et le putts ou la canalisation, au fur et a 
mesure de I 'operation, vers I'extremite dont la resistance a 1 'expansion est la plus forte, 
cxtrcmitc ou 1 'expansion va se faire en dernier. 

Si, dans son principe. cette technique donne satisfaction, elle est delicate et 
15 coQteuse a mettre en oeuvre, du fait que la composition du materiau constitutif du 
manchon n'est pas la meme sur I'ensemble du produit La variation de cette composition 
est difficile a maftriser et, surtout. n'est pas applicable a des manchons de grande 
longueur. 

C'est pourquoi. la presente invention a pour objectif de proposer un 
20 manchon du genre qui vient d'etre mentionnd, destine- a servir au tubage d'un puits ou 
d'une canalisation, notamment pour des applications petrolieres, ce manchon ayant une 
structure telle que son expansion se fasse egalement de maniere progressive d'une 
extremite a I 'autre, ceci de faoon parfaiiement maltrisfc. independarament de sa longueur. 

Ce resultat est attetnt, confonnement a rinvention, grace au fait que la 
paroi du manchon est munie d'une sine de bagues de contention frangibles identiques, et 
decalees axialemcnt les unes par rapport aux autres. et aptes a se rompre les unes apres 
les autres suivant la direction longitudinale du manchon lorsqu'il est gonfie par un fluide 
interne sous pression. 

Par ailleurs, selon un certain nombre de caractdristiques avantageuses. non 
30 Jimitatives del 'invention: 

- les bagues sont regulierement espacees les unes des autres. d'un 
ccartement constant ; 

- le manchon presente un tronoon depourvu de bague : 

- le manchon presente un tronoon qui est muni de bagues dont le seuil de 
35 rupture est sensiblement plus f aible que eel ui des autres bagues ; 

- le rxon9on depourvu dc baguc ou muni de bagues a seuil de rupture plus 
faible, est une zone d'extremi \£ du manchon ; 
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- le tron9on d^pourvu de bague, ou muni de bagues a seuil de rupture plus 
faible, est une zone ra6diane du manchon ; 

- les bagues sont toriques ; 

- les bagues sont noyecs a Pinterieur de ia paroi du manchon ; 

5 - !c manchon est fornix dans un maifeiau fiastomcre syntheuque ; 

- le manchon constitue un outil servant a dilater une preTorme soupic et 
radialement deTormable. durcissable in situ pour former le lubage du puits ou de la 
canalisation ; 

- ce manchon est solidaire initialemeat de la preTorme et qu'i! est extractiWe 
1 0 en fin d 'operation. 

- le manchon constitue un omil d'obturation du puits ou de la canalisation 

("packer") ; 

- le manchon constitue la preTorme souple et radialement deTormable. 
durcissable insjtu pour former eile-mSme le tubage du puits ou de la canalisation, apres 

15 solidification. 

D'autres caractenstiques et avantages de Invention apparaftront de la 
description et des dessins annexes qui en representent, a simple titre d'exemple. des 
modes de realisation non limitatifs. 

Sur ces dessins : 

20 " la 1 est u nc vue en coupe longitudtnale d'un ensemble constitu* 

par un manchon tubulaire gonfiable conforme a Invention, log* a Hnteneur d'une 
preTorme souple et durcissable in situ ; 

- les figures 2 et 3 sont des vues en coupe transversa^ de la preTorme de la 
figure 1, respecu vemcnt avant et apres extension radiale ; 

- les figures 4 a 8 sont des vues schemauques illustrant diffeYentes Stapes 
du tubage d'un puits a I 'aide de 1 , ensemble represent aux figures 1 et 2 ; 

• les figures 9 et 10 representent schematiquement des variantes du 
manchon de la figure 1 (sans la preTorme associec). 

A la figure 1 on a represent*, et design* sous la reference 1, un outil 
30 servant a la dilatation d'une preTorme souple, durcissable in situ . a Tintdrieur d'un puits 
ou d'une canalisation - par polymerisation. 

Cet outil 1 - ou matrice - consiste en un manchon tubulaire cylindrique, de 
forme generate allongee, dont la paroi cylindrique est reT<<rencee 10. Le manchon est 
obturd a ces deux cxtremites par des cloisons transversales 11, 12, dont Tun - en 
Poccurrence ia cloison 1 1 - est traversee, de maniere dtanche, par un erabout 4 destine a 
etre raccordd sur un conduit 40 servant a introduire un fluide sous pression. par exemple 
de Teau, arinteneurdu manchon afin d'en provoquerr expansion radiale. 
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materiau coasututif du maachon est par exerapte un caoutchouc 
synthetique (elastomcre) ou un materiau a base d'dastomere. Ce materiau est le meme et 
ses caracteristiques mecaniques identiques. sur toute la longueur du manchon ; il est done 
possible de le confectionner sur une grande longueur. 

5 Le manchon 1 est insert a I'inteneur d'une prtforme egalement tubulaire 

3, initialement souple, mais durctssable in situ par polymerisation. 

La preTorme a une paroi constitute d'une resine 30 qui est iniualement 
nuide (malleable), mais est durcissable a chaud par polymerisation. Cette resine est 
confinee entre une peau exterieure 3 1. en materiau souple et dastique. et la paroi 10 du 
10 . manchon, qui fait office de peau interieure. 

L'axe de I •ensemble est reference" XX'. 

Cet ensemble est du meme type general que celui decrit dans le document 
WO-94/25655 (voir notamment les figures 9 a 12). 

Des moyens de liaison provisoires non representes assurent iniualement la 
sohdansauon du manchon 1 avec la preforme 3 qui 1'entoure. Ces moyens sont adaptes 
pour se rompre en fin d'operation (apres duicissement de la prfforme) CC qui pcrmet alors 
1 'arrachement du manchon interieur. comme cela sera explique plus loin. 

Selon une caracteristique essenuelle de 1 'invention, la paroi du manchon 1 
est mume d'une sene de bagucs de contention frangibles qui sont decalees axialement les 
unes par rapport aux autres et sont aptes a se rompre sous 1 'effet d'un effort d'extension 
qu, depasse un seuil determine, sous Peflet d'une pression interne visant a les dilater 
radialemenL 

Le seuil de rupture de 1 'ensemble des Ugues 2 est sensiblement idenuque. 

Ces bagucs sont ^"liirement espacees les unes des autres d'un 
25 ecartement constant e. 

Comme on le voit a I'observauon de la figure 1 , la totalis du manchon 1 
n est pas garnie de bagues. Celles-ci sont prevues seulement sur un tron^n 1A qui 
correspond a la majeure parte du manchon, de longueur L, du cote de 1'embout 4 - ou 
cott amont -. 
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Par convention, on designeia par cote "amont" le cote du puits qui 
debouche vers l'exterieur. par lequd arrive le fluide de gonfiage, depuis la tete de puits. 

Le troncon situe du c6t6 oppose (aval), de longueur I rfduitc (tres 
sensiblement infeneure a L), n'est pas muni de bagues. 

De preference, les bagues 2 sont toriques, e'est-a-dire qu'elles ont une 
forme circulaire et une section egalement circulaire. mais ce n'est pas oWigatoire. 
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Chaquc baguc pcut 6tre a vantage usement constitute d'un fil, par exeraplc 
cn plaslique ou en m<5tal. enroule* sur lui-raeme sur plusieurs tours pour former une 
bague. 

De preference, les bagues sont endirites d'une substance qui favorise son 
5 glissement par rapport au maienau ^lasiomcre dans lequel elles sont noyees. La substance 
est par exemple de Thuile de silicone. 

Ceci rfciuit les risques de dechirement de la paroi du manchon lors de la 
rupture de bagues. et facilite le glissement des bagues sur la paroi 10 du manchon. 
glissement necessaire lors de son expansion. 

10 A dlrc >ndicatif. non iimitauf, on donnera ies valeure dimensionnelles 

suivantes : 

- longueur totale L + 1 du manchon : 20m. 

- longueur L du troncon 1A equipee de bagues : 18m. 

- longueur 1 du troncon IB ddpourvu de bagues : 2m. 
15 - distance e entre les bagues : 10mm. 

- tpaisseur (en direction radiale) de la paroi 10 de la matrice : 10mm. 

- epaisseur (en direction radiale) de la paroi 30 de la preTorme : 10mm. 

" diametre de I 'ensemble rnatrice/preTorme avant gontlage (6tat de la figure 
2) : 100mm. 

20 ' diametre de cet ensemble apres gonflage (figure 3) r 160mm. 

La figure 4 represente la phase initiate de tubage d'un puits de forage 
pe-trdier dont la paroi. approximau vement cylindrique, est itTcrcncee P. 

Sur les dessins le puits est horizontal ; il peut cependant avoir une direction 
quelconque. notamment toe vertical. Invention demeurant applicable dans ce cas. 

Le diametre dc Tensemblc prtforme/matrice est choisi de telle sorte qu'i 
l'efct radialement expanse", la preTonne puisse s'appliquer convenablement contre cene 
paroi P. afin de servir au tubage du puits. 

L'ensemble matrice/preTorme est mis en place, au moyen d'un outillage 
appropri* connu. a partir de rextcneur du puits, de la gauche vers la droite s'y on se 
rtfere & la figure 4 ; sur cette figure, Pensemble matrice/preTorme se trouve dans la 
position voulue. en vis-fc-vis de la zone de paroi P h tuber. 

Cet ensemble se trouve immerge* k I'int6rieur d'un liquide, tel que de la 
boue, reference" B qui est present dans le puits. 

II est possible, depuis la tete de puits. d'introduire * Finteneur du 
manchon 1 un liquide sous pression tel que de 1 'eau, via le conduit 40 et 1 'embout 4. 

Comme cela est bien connu, ce fluide sous pression va gonfier le manchon 
1. etlaprtforme qui I'entoure. Fensembleitant dilate radialement contre la paroi P. 
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En Pabsence des bagues 2. cette dilatation sc ferah dc manure non 
control^, ce qui risquctait de crter a Pexterieur de Pensemble matrice/preforme des 
pochcs dans lesquels se trouverait emprisonnd un certain volume de liquide B. contrariani 
ainsi I ' operation de tubage. 

5 Office a l'agencement selon Pinvention. sous l'effet de la pression p du 

liquide sous pression introduit dans le manchon (flfeche F figure 5) la zone aval IB va 
s'expanser prioritaireraent, du fait qu'elle est depourvue de bagues de contention et 
possfcde done une aptitude a la deformation plus grande que le reste 1A du manchon. 
Cette dilatation s'accompagned'une diminuUon de la dimension axialc de cette partie IB, 
10 qui vient s'appliquer par Pintermediaire du troncon de prtforme que Pentoure centre la 
paroi P. Au cours de cette dilatation, la boue qui se trouvait a I 'exterieur de cette zone est 
chassee a la fois vers Pamont et vers Paval, comme symbolise par les fliches i a la figure 

Le risque de formation de pochcs autour du tnon$on IB est rtduit car cette 
1 5 zone a unc longueur 1 1 imi tee. 

Si on continue a augmenter la pression du liquide contenu 4 Pinterieur du 
manchon. pour le faire passer h une valeur p, superieure a p. on va provoquer au bout 
dun certain temps la rapture de la bague 2 qui est situee la plus en aval. En effet, comme 
cela peut se demontrer aisftnent par le calcul. e'est cette bague qui est soumise k I 'effort 
d extension la plus grande. Une fois qu elle s'est rompue, e'est la bague suivante. cote 
amont qui va se rorapre. 

On observe ainsi une rupture progressive de Pensemble des bagues 2. les 
unes aprts les autres, d'aval vers Pamont (de la droire vera la gauche) des figures 5 et 6. 

Grace & cette propagation controlee du front d'expansion. le liquide B qui 
se trouve present entre la prtforme et la paroi P se trouve refoule progressivement, 
e-galement de Paval vers Pamont, comme cela est symbolise par les fleches j. Ce 
refoulement evite la formation des poches, dont 1 'inconvenient a 6t£ mentions plus haut 
Une fois que Pensemble des bagues s'est rompu, et que la prtforme est 
totalement appliquee contra la paroi P. on precede 4 sa polymerisation par la chaleur ; 
cette operation peut se faire par exemple en imroduisant un liquide chaud a 1 'interieur de 
la matrice et/ou par effet Joule, au moyen de conducteur eiectrique (fil chauffant) noye 
dans la matrice ou dans la prtforme 

A litre indicatif, les pressions de gonflage p et p! sont respectivement de 
PordredeSet 15 bars. 

La figure 3 fllustre une operation de dilatation au coins de laquelle la bague 
2 s 'est cassee en trois roorceaux 2a, 2b et 2c. Hie pourrait sc casser en un seul point ou 
au contraire en un nombre de. morceaux plus grand. II va de soi que les bagues doivent 
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egalement etre souples de telle maniere que leur courbure peut se modifier et suivre celie 
du manchon apres rupture de la bague. Coramc deja dit, les bagues sont avantageusement 
enduites d'un revStement facilitam le glissement reterif de la bague - ou des morceaux de 
bague - par rapport au matenau de la paroi du manchon apres rupture de la bague. 

Apres solidification de la preTorme, qui est devenu un cubage rigide 3* 
(figure 7) la matrice est arrachee, comme cela est symbolise' par la fieche G a la figure 8. 

Dans le mode de realisation qui vient d'etre decrit, on a consider que ia 
dilatation de r ensemble matrice/prtfonne se faisait uniquement par expansion radiale. II 
va de soi que Invention s'applique egalement a des ensembles initialement plies 
longitudinalement (en forme de M LT ou en forme d*e*argot), comme cela est represent 
en particulier dans le WO-91/1 8180 ou dans le WO-94/25655 (figures 6A et 6B). 

Le. manchon, reference 5 f qui fait Pobjet de la variante representee a la 
figure 9 comprend un troncon principal 5A de longueur L pourvu de bagues 6 analogues 
aux bagues 2 decrites en references aux figures 1 et 2. Ces bagues presentent toutes 
15 sensiblement les memes seuils de rupture, relativement eieves. 

Le troncon d'extremite amont, reference* SB, est egalement pourvu d'un 
ensemble de bagues similaires 7. mais dont le seuil de rupture est sensiblement inferieur a 
celui des bagues 6. Cependant, ce seuil de rupture n'est pas negligeable. 

Le manchon 5 peut done contenir un fluide de pression non negligeable 
20 sans se deformer radialement 

Grace a cette disposition, il est possible de donner au manchon une 
certaine rigidite, en y introduisant un fluide sous pression, sans risque de provoquer son 
expansion. Ceci peut fttre Mile pour rintroduction du manchon dans certains puits ou 
canalisations notamment non rectilignes, la rigidite du manchon facilitant sot guidage. 

25 Une fois que le manchon a ete correctement positions, on va augmenter la 

pression interne pour provoquer son expansion en deux temps, tout d'abord celle de 
Textremite 5B par rupture progressive des bagues 7, puis - sous une pression encore plus 
forte - P expansion progressive de la partie 5A par rupture des bagues 6 successivemenL 
Le manchon 5 est egalement associe a une preTorme, comme le manchon 1 

30 du mode de realisation precedent, mais celle-ci n'a pas ete representee a la figure 9 pour 
ne pas 1 'alourdir inutilement 

De la mSme maniere, le manchon 8 schematiquement represente a la figure 
10 est associe a une preform e non representee. 

Dans cette variante de manchon, un troncon median 8B est depourvu de 
35 bagues de contention, sur une certaine longueur L B . reduite. En revanche, des bagues 9 
similaires aux bagues 2 du premier mode de realisation sont prevues sur chacun des 
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tronfons d'extremitf 8A et 8C, de grande longueur, sont respectivement reTerencees L A 
ctL c . 

Selon cette variante. c'est la zone mediane 8B qui va s'expanser prioritaire- 
ment el s'appliquer contre la paroi du puils ou de la canalisation, la propagation de 
5 ! 'expansion du manchon se faisant progressivement a pattir de cette zone en direction de 
chacune des deux extremites du manchon. avec refoulement simuliane du liquide contenu 
dans les puils ou la canalisation vers chacune de ces extremites. 

Bien entendu. la zone mtfdiane 8B pounait 6galement etre mimic de bagues 
similaires aux bagues 7 de la figure 9. et dont le seuil de rupture serait infeneur a celui 
10 des bagues 9. 

Les bagues de contention qui, conformement a la prfsente invention, 
equipent un manchon radialement deformable ne sont pas obligatoirement noyees i 
I *int<f rieur de la paroi dudit manchon. Hie pounait en effet «tre disposers a 1 'exteneur de 
celui-ci. 

Le manchon selon Invention nest pas obligatoirement un outil servant a 
dilater une preTorme initialement souple. dureissable in situ. 

Le manchon selon Invention peut egalement servir d'outil obturateur du 
genre "packer". 

Le manchon pourrait consUtuer la preTorme elle-meme. les bagues de 
contention 6tant par exemple noyees dans la resine polymerisable constitutive de la 
preTorme, entre deux peaux clasuques. 



15 



20 



WO 97/06346 



PCI7FR96/01226 



REVENDICATIONS 

1 - Manchon tubulaire gonflable et radialcmcnt deTormable ( I ; 5 ; 8), pour 
le tubage ou ! 'obturation d'un puits (P) ou d'une canalisation, carac^ris^ par ie fait que sa 
paroi est munie d'une sene de bagues de contention frangibles {2 ; 6 ; 9) de^es 
abatement les unes par rapport aux autres, et aptes a se rompre les unes apres les autres 
5 suivant la direction longkudinale du manchon lorsqu'il est gonfl6 par un fluide interne 
sous pression. 

2 . Manchon seion la revendication 1. caractfris* par le fait que lesdites 
bagues (2 ; 6 ; 9) sont regulierement espacets les unes des autres, d'un ecartement 
constant (e). 

10 3 • M^chon selon l'une des revendications I ou 2. caractense- par le fait 

qu'il presente un tron^on (IB ; 8B) d6pourvu de bague. 

4 . Manchon selon Tune des revendications 1 ou 2, caractdris* par le fait 
qu'il presente un tronpon (5B) qui est muni de bagues (7) dont le seuil de rupture est 
sensiblement plus faible que ceiui des autres bagues (6). 

5 • Manchon selon la revendication 3 ou 4, caractens6 par le fait que ledit 
tronfon (IB ; 5B) dSpourvu de bague ou muni de bagues (7) a seuil de rupture plus 
faible, est une zone d'extremite* du manchon. 

6 . Manchon selon la revendication 3 ou 4, caracteris* par Ie fait que ledit 
tro n9 on (8B) depourvu de bague, ou muni de bagues a seui! de rupture plus faible, est 

20 une zone methane du manchon. 

7 . Manchon selon Tune des revendicauons 1 a 6. caracterise' par le fait que 
lesdites bagues (2 ; 6, 7 ; 9) sont toriques. 

8 . Manchon selon Tune des revendicauons 1 a 7, caractense par le fait que 
lesdites bagues (2 ; 6, 7 ; 9) sont noyees a Pintdrieur de sa paroi. 

9 . Manchon selon Tune des revendicauons 1 a. 8, caractdris* par le fait 
qu'il est forme' dans un matenau flastomere synth6tique. 

1 0. Manchon selon Tune des revendications 1 a 9, caracterise- par le fait 
qu'il constitue un outil servant a dilater une preiormc souple et radialement deTormable 
(3). durcissable insitu pour former le tubage (3') du puits (P) ou de la canalisation. 

1 1 . Manchon selon la revendication 10, caractens* par le fait qu'il est 
solidaire ini tialement de la preTorme (3) et qu'il est extracuble en fin d'operation. 
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1 2. Manchon scion Tune dcs revindications 1 h 9, caractense' par le fait 
qu'il consticue un outil d'obturation du puits (P) ou de la canalisation. 

i 3 . Manchon selon Tune dcs revcndi cations 1 a 9, caractense* par le fait 
qu v dle constituc unc prcTonne souple ct ndialement dtformaMe (3), durcissabie in situ 
pour former ic cubage du puits (P) ou de la canalisation. 
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INFLATABLE TUBULAR SLEEVE FOR 
CASING OR OBTURATING A WELL OR A PIPE 

The present invention concerns an tubular sleeve that is inflatable and radially 
deformable, used for casing or obturating a well or a pipe. 

For casing an oil weii bore-hole, as well as for similar applications, preforms have 
5 already been proposed that are tubular, flexible, and can be hardened in situ . They are intended to 
be put in place in the radially folded or unexpanded state — a state in which they take up small 
radial space — then are unfolded and/or radially expanded by application of an interior pressure, 
before being hardened in situ, particularly by polymerization. 

Preforms of this type are described for example in the documents WO-91/18180, 
10 WO-94/21887 and WO-94/25655. 

The term "radially deformable" will be used to designate sleeves that can be radially 
deployed either by simple unfolding (as is the case for the preform described in WO-91/18180 in 
particular), or that can be simply expanded radially (without unfolding), by increasing their 
diameter under the effect of an internal pressure, or that can be successively unfolded and 
15 expanded (as is the case for the matrix and preform of the document WO-94/25655 in particular). 

The invention was designed for a sleeve used as a tool to expand a preform, this tool 
being of the same general type as the preform expansion tool — called matrix — described in the 
above-mentioned WO-94/25655. This matrix is initially attached to the preform, mounted inside 
it. After inflation of the matrix/preform assembly, and solidification of the preform, the matrix is 
20 removed. 

However, the invention also applies to sleeves used as obturation tools for the wall of a 
well, to prevent leaks of fluid, this tool being commonly called in the industry by its English 
name "packer". 

In one possible embodiment, the tubular sleeve of the invention can also consist of the 
25 preform itself 

During the radial deformation operation (by unfolding and/or expansion) of such a sleeve 
inside a well or a pipe, there is a risk, if the expansion of the preform is not controlled, of pockets 
of liquid forming, trapped between the sleeve and the wall of the well or the pipe. Indeed, in oil 
well drilling or similar applications it is common for the well or pipe to be filled with water, mud 
30 or other liquid. 
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This obviously poses a problem because the sleeve, or the preform that encloses it, can 
not be correctly applied against the wall of the well or pipe, and the casing obtained is not 
perfectly cylindrical and is not properly anchored. 

For inflatable membranes with which packer tools are equipped, attempts have been 
made to overcome this difficulty by varying the composition of the material comprising the 
membrane — or sleeve — (with a synthetic rubber base) from one end to the other, so that its 
resistance to radial expansion varies progressively. Thus, when a fluid under pressure is 
introduced into the tool, the membrane expands progressively from one end to the other of the 
tool, which makes it possible uniformly to force out the fluid trapped between the membrane and 
the well or pipe, as the operation progresses, toward the end that has the strongest resistance to 
the expansion, the end where the expansion will occur last. 

Although this technique is satisfactory in principle, it is difficult and costly to implement 
because the composition of the material comprising the sleeve is not the same for the whole 
product. The variation in this composition is difficult to control, and above all, it can not be used 
with very long sleeves. 

For this reason, an objective of the present invention is to propose a sleeve of the type 
mentioned above, intended to be used for casing a well or a pipe, particularly for oil applications, 
this sleeve having a structure such that its expansion is also done progressively from one end to 
the other in a manner that is perfectly controlled, regardless of its length. 

This result is achieved, according to the invention, due to the fact that the wall of the 
sleeve is provided with a series of identical breakable constraining rings, axially offset with 
respect each other and intended to be broken one after the other in the longitudinal direction of 
the sleeve when it is inflated by an internal pressure fluid. 

Moreover, according to a number of non-limiting advantageous characteristics of the 
invention: 

- the rings are uniformly spaced from each other, with a constant separation; 

- the sleeve has one section that does not have a ring; 

- the sleeve has one section that is provided with rings that have an appreciably lower 
breaking point than the other rings; 

- the section that has no rings or that has rings with a lower breaking point is an end area 
of the sleeve; 
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- the section that has no rings, or that has rings with a lower breaking point, is a middle 
area of the sleeve; 

- the rings are toroidal; 

- the rings are embedded in the wall of the sleeve; 

- the sleeve is formed from a synthetic elastomer material: 

- the sleeve comprises a tool used to expand a flexible and radially deformable preform 
that can be cured in situ , to form the casing of the well or the pipe; 

- this sleeve is initially attached to the preform and can be extracted after the operation. 

- the sleeve comprises an obturating tool ("packer") for the well or the pipe; 

- the sleeve comprises the flexible and radially deformable preform, which can be cured 
in situ to form the casing of the well or the pipe, after solidification. 

Other characteristics and advantages of the invention will appear from the description and 
the appended drawings that represent, simply by way of example, some non-limiting 
embodiments thereof. 

In these drawings: 

- figure 1 is a longitudinal cross-sectional view of an assembly composed of an inflatable 
tubular sleeve according to the invention, housed inside a preform that is flexible and curable in 
situ; 

- figures 2 and 3 are transversal cross-sectional views of the preform of figure 1, 
respectively before and after radial extension; 

- figures 4 to 8 are diagrammatical views illustrating different stages in the casing of a 
well using the assembly represented in figures 1 and 2; 

- figures 9 and 10 diagrammatically represent variants of the sleeve of figure I (without 
the associated preform). 

Figure 1 represents, and designates by reference 1, a tool used to expand a flexible 
preform that can be cured in situ — in a well or a pipe — by polymerization. 

This tool 1 — or matrix — consists of a cylindrical tubular sleeve, in a generally elongated 
shape, the cylindrical wall of which is referenced as 10. The sleeve is closed at both ends by 
transverse partitions 11, 12, one of which — in this instance the partition 11 — has a nozzle 4 
sealably passing through it, which is intended to be connected to a conduit 40 used to introduce a 
pressure fluid, for example water, inside the sleeve in order to cause the radial expansion thereof. 
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The material comprising the sleeve is, for example, a synthetic rubber (elastomer) or a 
material with an elastomer base. This material is the same, and its mechanical characteristics are 
identical, for the full length of the sleeve. It is therefore possible to produce long lengths. 

The sleeve 1 is inserted into a preform 3, also tubular, that is initially flexible but can be 
5 cured in situ by polyerization. 

The preform has a wall composed of a resin 30 that is initially fluid (malleable) but is 
heat-curable by polymerization. This resin is confined between an outer skin 3 1 , made of flexible 
elastic material, and the wall 10 of the sleeve, which serves as the inner skin. 

The axis of the assembly is referenced XX*. 
10 This assembly is of the same general type as the one described in the document 

WO-94/25655 (in particular, see figures 9 to 12). 

Temporary means of connection — not represented — initially provide for the attachment 
of the sleeve 1 to the preform 3 that encloses it. These means can be broken at the end of the 
operation (after curing of the preform) which then allows the inner sleeve to be removed, as will 
1 5 be explained further on. 

According to one essential characteristic of the invention, the wall of the sleeve 1 is 
provided with a series of breakable constraining rings that are axially offset from each other and 
can be broken under the effect of an expansion force that exceeds a specific threshold, under the 
effect of an internal pressure intended to expand them radially. 
20 The breaking point of all of the rings 2 is appreciably identical. 

These rings are regularly spaced from each other, at a constant spacing e. 

As can be seen in figure 1, the entire sleeve 1 is not provided with rings. They are 
provided only on one section 1 A that corresponds to the major part of the sleeve, with a length L, 
at the end with the nozzle 4, or the upstream end. 
25 By convention, the end of the well that opens outward, through which the inflation fluid 

arrives from the wellhead, will be designated as the "upstream" end. 

The section at the opposite (downstream) end, with a shorter length 1 (very significantly 
less than L), is not fitted with rings. 

Preferably, the rings 2 are toroidal, that is, they have a circular shape and a cross section 
30 that is also circular, but this is not essential. 
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Each ring can be advantageously comprised of a wire, for example of plastic or metal, 
wound on itself in several turns to form a ring. 

Preferably, the rings are coated with a substance that facilitates their sliding with respect 
to the elastomer material in which they are embedded. Such a substance, for example, is silicone 
oil. 

This reduces the risk of tearing the wail of the sleeve when the rings break, and facilitates 
the sliding of the rings on the wall 10 of the sleeve, which sliding is necessary for their expansion. 
By way of non^irniting example, the following dimensional values are given: 

- total length L + 1 of the sleeve: 20 m. 

- length L of the section 1 A fitted with rings: 18 m. 

- length 1 of the section IB that has no rings: 2 m. 

- distance e between rings: 10 mm. 

- thickness (in the radial direction) of the wall 10 of the matrix: 10 mm. 

- thickness (in the radial direction) of the wall 30 of the preform: 10 mm. 

- diameter of the matrix/preform assembly before inflation (state shown in figure 2: 
100 mm). 

- diameter of this assembly after inflation (figure 3): 160 mm. 

Figure 4 represents the initial phase of casing an oil well bore-hole' the wall of which, 
referenced P, is approximately cylindrical. 

In the drawings the well is horizontal. However, it can be in any direction, including 
vertical, in which case the invention remains applicable. 

The diameter of the preform/matrix assembly is selected so that in the radially expanded 
state the preform can be suitably applied against the wall P in order to be used as the casing for 
the well. 

The matrix/preform assembly is put in place by means of a known appropriate tool, from 
outside the well, from left to right in reference to figure 4. In this figure, the matrix/preform 
assembly is in the desired position with respect to the area of wall P to be cased. 

This assembly is immersed in a liquid, such as mud, referenced B, that is present in the 

well. 

It is possible to introduce from the wellhead a liquid under pressure, such as water, into 
the sleeve 1 via the conduit 40 and the nozzle 4. 

As is well known, the fluid under pressure will inflate the sleeve 1, and the preform that 
encloses it, the assembly being radially expanded against the wall P. 
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In the absence of the rings 2, this expansion occurs in an uncontrolled manner, which 
would risk creating, outside the matrix/preform assembly, pockets in which a certain volume of 
liquid B would be trapped, thus hindering the casing operation. 

As a result of the arrangement according to the invention, under the effect of the pressure 
5 p of the pressure liquid introduced into the sleeve (arrow F in figure 5), the downstream area IB 
will be expanded first because it has no constraining rings and is therefore capable of greater 
deformation than the rest 1A of the sleeve. This expansion is accompanied by a decrease in the 
axial dimension of this part IB, which, by means of the section of preform that encloses it, is 
applied against the wall P. During this expansion, the mud that is outside this area is forced both 
10 upstream and downstream, as symbolized by the arrows i in figure 5 

The risk of formation of pockets around the section IB is reduced because this area has a 
limited length 1. 

If the pressure of the liquid contained inside the sleeve continues to be increased, to bring 
it to a value p u higher than p, after a certain time the ring 2 located farthest downstream will be 
15 broken. Indeed, as can be easily demonstrated by calculation, it is this ring that is subjected to the 
greatest expansion force. Once it has broken, it is the next ring upstream that will be broken. 

A progressive breaking is thus observed of all the rings 2, one after the other, from 
downstream to upstream (from right to left) in figures 5 and 6. 

As a result of this controlled propagation of the expansion front, the liquid B that is 
20 present between the preform and the wall p is progressively forced out, both downstream as well 
as upstream, as symbolized by the arrows j. This forcing prevents the formation of pockets, the 
disadvantage of which was mentioned above. 

Once all of the rings are broken and the preform is fully applied against the wall P, it is 
then polymerized by heat. This operation can be done, for example, by introducing a hot liquid 
25 inside the matrix and/or by the Joule effect, by means of an electrical conductor (heating wire) 
embedded in the matrix or in the preform. 

By way of example, the inflation pressures p and pi are respectively on the order of 5 and 

15 bars. 

Figure 3 illustrates an expansion operation during which the ring 2 has been broken in 
30 three pieces, 2a, 2b and 2c. It could be broken at a single point, or into a larger number of pieces. 
It goes without saying that the rings must also be 
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flexible so that their curvature can be changed to follow that of the sleeve after the ring breaks. 
As already mentioned, the rings are advantageously coated with a material to facilitate the 
relative sliding of the ring — or of the pieces of ring — with respect to the material of the wall of 
the sleeve after the ring is broken. 
5 After solidification of the preform, which has become a rigid casing 3' (figure 7), the 

matrix is removed as symbolized by the arrow G in figure 8. 

In the embodiment just described, the expansion of the matrix/preform assembly was 
done solely by radial expansion. It goes without saying, however, that the invention also applies 
to assemblies that are initially folded longitudinally (in "U" shape or snail shape), as represented 
10 in particular in WO-91/18180 or in WO-94/25655 (figures 6A and 6B). 

The sleeve, referenced 5, which is the object of the variant represented in figure 9, has a 
principal section 5 A with length L fitted with rings 6 that are similar to the rings 2 described with 
reference to figures 1 and 2. These rings all have the appreciably the same relatively high 
breaking points. 

15 The upstream end section, referenced 5B, is also fitted with a set of similar rings 7, but 

these have a breaking point that is appreciably lower than that of the rings 6. However, this 

breaking point is not negligible. 

The sleeve 5 can therefore contain a fluid under a pressure that is not negligible, without 

becoming radially deformed. 
20 As a result of this arrangement, it is possible to give the sleeve a certain rigidity by 

introducing a pressure fluid therein, without the risk of causing its expansion. This can be useful 

for introducing the sleeve into certain wells or pipes, particularly non-rectilinear ones, because 

the rigidity of the sleeve facilitates the guiding of it. 

Once the sleeve has been correctly positioned, the internal pressure will be increased to 
25 cause it to expand twice, first at the end 5B by progressively breaking the rings 7, then — under an 

even higher pressure — the progressive expansion of the part 5A by successively breaking the 

rings 6. 

The sleeve 5 is also associated with a preform, like sleeve 1 in the previous embodiment, 
but the preform is not represented in figure 9 in order not to encumber it unnecessarily. 
30 In the same way, the sleeve 8, diagrammatically represented in figure 10, is associated 

with a preform that is not represented. 

In this sleeve variant, a middle section 8B does not have constraining rings along a 
certain reduced length L B . On the other hand, the rings 9, which are similar to the rings 2 of the 
first embodiment, are provided on each of the 

35 
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end sections 8A and 8C, of greater length, respectively referenced L A and Lc. 

According to this variant, the middle area 8B will expand first and be applied against the 
wall of the well or pipe, the propagation of the expansion of the sleeve occurring progressively 
from this area toward each of the ends of the sleeve, simultaneously forcing the liquid contained 
5 in the well or pipe toward each of these ends. 

Of course, the middle area 8B could also be fitted with rings similar to the rings 7 of 
figure 9, with a breaking point that would be lower than that of the rings 9. 

The constraining rings that, according to the present invention, equip a radially 
deformable sleeve, are not necessarily embedded inside the wall of said sleeve. It [sic] could 
10 instead be placed on the outside thereof. 

The sleeve according to the invention is not necessarily a tool used to expand a preform 
that is initially flexible, curable in situ . 

The sleeve according to the invention can also be used as a "packer** type obturating tool. 

The sleeve could constitute the preform itself, the constraining rings being, for example, 
15 embedded in the polymerizable resin comprising the preform, between two elastic skins. 



WO 97/06346 



9 



PCT/FR96/01226 



CLAIMS 

1. Inflatable and radially deformable tubular sleeve (1; 5; 8) for the casing or obturation 
of a well (P) or a pipe, characterized by the fact that is provided with a series of identical 
breakable constraining rings (2; 6; 9) axially offset with respect each other and intended to be 
broken one after the other in the longitudinal direction of the sleeve when it is inflated by an 
internal pressure fluid. 

2. Sleeve according to claim 1, characterized by the fact that said rings (2; 6; 9) are 
uniformly spaced from each other, with a constant separation (e). 

3. Sleeve according to either of claims 1 or 2, characterized by the fact that it has one 
section (IB; 8B) that does not have a ring. 

4. Sleeve according to either of claims 1 or 2, characterized by the fact that it has one 
section (5B) that is provided with rings (7) that have an appreciably lower breaking point than the 
other rings (6). 

5. Sleeve according to either of claims 3 or 4, characterized by the fact that said section 
(IB; 5B) that has no rings or that has rings (7) with a lower breaking point is an end area of the 
sleeve. 

6. Sleeve according to either of claims 3 or 4, characterized by the fact said section (8B) 
that has no rings, or that has rings with a lower breaking point, is a middle area of the sleeve; 

7. Sleeve according to any of claims 1 to 6, characterized by the fact that said rings (2; 6, 
7; 9) are toroidal. 

8. Sleeve according to any of claims 1 to 7, characterized by the fact the rings (2; 6, 7; 9) 
are embedded in the wall of the sleeve. 

9. Sleeve according to any of claims 1 to 8, characterized by the fact the sleeve is formed 
from a synthetic elastomer material. 

10. Sleeve according to any of claims 1 to 9, characterized by the fact the sleeve 
comprises a tool used to expand a flexible and radially deformable preform (3) that can be cured 
in situ, to form the casing (3') of the well (P) or the pipe. 

11. Sleeve according to claim 10, characterized by the fact that it is initially attached to 
the preform (3) and can be extracted after the operation. 
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12. Sleeve according to any of claims 1 to 9, characterized by the fact the sleeve 
comprises an obturating tool for the well (P) or the pipe. 

13. Sleeve according to any of claims 1 to 9, characterized by the fact it comprises the 
flexible and radially deformable preform (3), which can be cured in situ to form the casing of the 

5 well (P) or the pipe. 
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